Six previously undescribed 5,6-seco-tremulane analogues, together with two known ones, were isolated from the culture broth of the medicinal fungus Irpex lacteus HFG1102. The structures of the new compounds were elucidated via extensive spectroscopic methods, including NMR and HRMS spectroscopic analyses.
Introduction
Higher fungi are valuable and irreplaceable resources of natural product-derived lead compounds for drug research and development [1] . The fungus Irpex lacteus has been used as a medicinal fungus for decades in China for the treatment of inflammation, bacterial/fungal infection, and urinary retention [2] . The polysaccharide products of the submerged culture of I. lacteus have been developed and approved by SFDA as a clinically used drug for curing chronic glomerulonephritis [2] . However, although this fungus has been widely used as an industrial source to obtain polysaccharide products, its secondary metabolites remained unknown. The 5,6-seco-tremulane skeleton, which was regarded as the resultant of Baeyer-Villiger oxidation of tremulane, was first and mainly reported from the basidiomycete Conocybe siliginea [3, 4] . To the best of our knowledge, the distribution of this type of sesquiterpenes only reported from three species, the basidiomycete Flavodon flavus BCC 17421 [5] , and the endophytic fungi Colletotrichum capsici [6] and Ceriporia lacerate [7] . Notably, this type of sesquiterpenes always presented in inseparable mixtures. This study, as part of our ongoing search for promising lead compounds from higher fungi, concentrated on the secondary metabolites of the culture broth of the medicinal fungus I. lacteus, led to the isolation of six undescribed 5,6-seco-tremulane congeners (1-6) and two known tautomeric isomers (7, 8) (Fig. 1) . Herein, we report the isolation, structure elucidation of the new compounds. The signals assigned for compound 1 consisted of a methyl singlet, six methylenes, four methines (including a ketal carbon), and four quaternary carbons (two olefinic, one carbonyl) ( Tables 1, 2 ). The 1 H-1 H COSY of H-13/H-6/H-7/H-8, and H-4/H-3/H-12 enabled the connection of C-13-C-6-C-7-C-8 and C-12-C-3-C-4, respectively. The HMBC correlations from Fig. 2) . The above evidences led to the establishment of the planar structure of 1, which also in accordance with the molecular formula deduced from HRESIMS result which gave a sodium adduct ion peak at m/z 287. A ROESY experiment determined the relative configuration of compound 1. The ROESY cross peaks of H-7/H8b/H-15 led to the assignment of H-7 and 15-CH 2 OH as b orientation. The significant ROESY correlation between H-3 and H-12, H-10 and H-11 suggested that H-3 and H-12 were at the same side, and the C-1-C-2 double bond were Z configuration. Therefore, the structure of compound 1 was established as 11,12-epoxy-15-hydroxy-5,6-secotremula-1,6(13)-dien-5,12-olide (Fig. 1) .
Results and Discussion
The other set of signals for compound 2 showed resemblance with those of compound 1, but with the presence of an additional methoxy group (d H 3.65, d C 52.3). Careful analysis of the 2D NMR led to the conclusion that the only difference between 1 and 2 was the lactone group in 1 opened in 2 and the carbonyl group was methyl esterified, which was confirmed by the HMBC correlation from the methoxy (d Compounds 3 and 4 were isolated as an inseparable mixture with the ratio of 1:0.6. The 1D NMR data of the mixture showed high similarities with those of the 1/2 mixture, implying that compounds 3 and 4 were analogues of 1 and 2. Elucidating the 2D NMR spectra of the mixture promoted the completion of 3 and 4 which possessing the same planar structures with those of 1 and 2, respectively. Considering of the above information, a conclusion could be drawn which compounds 3 and 4 differed from 1 and 2 in spatial configuration. Analysis of the ROESY spectrum of 3/4, in combination with ChemBio3D simulations confirmed the speculation. The ROESY spectrum displayed Fig. 3 , the minimized energy optimized molecular models of 3 and 4 suggested that only when the 14-CH 2 OH adopted the equatorial direction, the above ROESY correlation could be seen. Therefore, compounds 3 and 4 were C-9 epimers of compounds 1 and 2, respectively. This conclusion was also evidenced by the large discrimination of 13 C NMR chemical shifts of C-14 and C-15 between 1 and 3, 2 and 4. Thus, compounds 3 and 4 were identified as shown in Fig. 1 , and were given the respective names 11,12-epoxy-14-hydroxy-5,6-seco-tremula-1,6(13)-dien-5,12-olide, and methyl 12b,14-dihydroxy-5,6-seco-tremula-1,6(13)- Tables 1, 2) were classified into three methyls, five methylenes (two oxygenated), three methines (one oxygenated), and four quaternary carbons (two olefinic ones, and a carbonyl). These data closely related to the co-isolate conocenolide A (7) [3] , suggesting compound 5 was a congener of 7. The main discrepancy between 5 and 7 was that the absence of the C-6-C-13 double bond while the presence of an oxygen-bearing methine and a methyl doublet in 5 compared to those of 7, suggested that the C-6 in 7 was oxygenated in 5, which was verified by the 1 H-1 H COSY correlations of H-6/H-7, H-6/H-13 (Fig. 2) . Unfortunately, the inadequate sample of 5 (0.8 mg) precluded the determination of the absolute configuration of 6-OH. Therefore, compound 5 was identified as 6,11-dihydroxy-5,6-seco-tremul-1-en-5,12-olide (Fig. 1) .
Compound 6 was obtained as colourless oil. The 1 H and 13 C NMR spectra exhibited signals which ascribable to three methyls, four methylenes (one oxygenated), four methines (two oxygenated), and four quaternary carbons (a tetrasubstituted double bond, a carbonyl). These data were reminiscent of those of compounds 1 and 3 (Tables 1, 2 ). Compared the NMR data of 6 with those of 1 revealed that the large differences located at C-6, C-13, and C-15. Detailed analysis of the 2D NMR spectra of 6 indicated that the C-6-C-13 double bond was oxygenated, while C-15 remained unoxygenated. This postulation was validated by the 1 H-1 H COSY correlations of H-6/H 3 -13, and H-6/H-7, and HMBC correlation from H 3 -14 to H 3 -15 (Fig. 2) . Due to scarcity of samples, 6-OH remained unassigned. The above assignments were consistent with the HRESIMS data, which gave a sodium adduct ion peak at m/z 289.1416 [M ?Na] ? , suggesting a molecular formula of C 15 H 22 O 4 (calcd for C 15 H 22 O 4 Na, 289.1410). Thus, the structure of 6 was established as shown in Fig. 1 and was named as 11,12-epoxy-6-hydroxy-5,6-seco-tremul-1-en-5,12-olide.
Conocenolides A (7) and B (8) [3] were two abundant and separable but tautomeric isomers accompanied in this study. Their structures were identified compared with the literature data.
In conclusion, six hitherto unknown 5,6-seco-tremulanes were isolated from the culture broth of the medicinal fungus I. lacteus. All these 5,6-seco-tremulane skeletons were proposed to be biosynthesized via Baeyer-Villiger oxidation, rearrangement, elimination, oxidation, and esterification of the corresponding 5-oxo-tremulane. This study represents the first report of 5,6-seco-tremulanes from the fungus I. lacteus, and also expands the distribution of 5,6-seco-tremulane-type sesquiterpenoids as fungal metabolites.
Experimental

General Experimental Procedures
Optical rotations were obtained on a JASCO P-1020 digital polarimeter (Horiba, Kyoto, Japan). UV spectra were recorded on a Shimadzu UV-2401PC UV-Visible recording spectrophotometer (Shimadzu, Kyoto, Japan). A Tenor 27 spectrophotometer (Bruker Optics GmbH, Ettlingen, Germany) was used for scanning IR spectroscopy using KBr pellets. 1D and 2D NMR spectra were obtained on a Bruker Avance III 600 MHz spectrometer (Bruker Corporation, Karlsruhe, Germany). HRESIMS were recorded on an Agilent 6200 Q-TOF MS system (Agilent Technologies, Santa Clara, CA, USA). Sephadex LH-20 (Amersham Biosciences, Uppsala, Sweden) and silica gel (Qingdao Haiyang Chemical Co., Ltd., Qingdao, China) were used for column chromatography (CC). Medium Pressure Liquid Chromatography (MPLC) was performed on a Büchi Sepacore System equipped with pump manager C-615, pump modules C-605 and fraction collector C-660 (Büchi Labortechnik AG, Flawil, Switzerland), and columns packed with Chromatorex C-18 (dimensions 450 mm 9 i.d. 14 mm, particle size: 40-75 lm, Fuji Silysia Chemical Ltd., Kasugai, Japan). Preparative high performance liquid chromatography (prep-HPLC) were performed on an Agilent 1260 liquid chromatography system equipped with a Zorbax SB-C18 column (particle size 5 lm, dimensions 150 mm 9 i.d. 9.4 mm, flow rate 7 ml min -1 ) and a DAD detector (Agilent Technologies, Santa Clara, CA, USA).
Fungal Material
The fungus Irpex lacteus was collected from Changbai Mountain Nature Reserve in 2012. The strain of I. lacteus in this study was isolated from the fresh fruiting bodies and kept on potato, dextrose, and agar (PDA) culture medium. A voucher specimen (No. CGBWSHFG1102) was deposited in the Herbarium of Kunming Institute of Botany, Chinese Academy of Sciences. The culture medium to ferment this fungus consisted of glucose (5%), peptone from porcine meat (0.15%), yeast powder (0.5%), KH 2 PO 4 (0.05%) and MgSO 4 (0.05%). Sixty Erlenmeyer flasks (500 ml) each containing 350 ml of above-mentioned culture medium were inoculated with I. lacteus strains, respectively. Fermentation were carried out on rotatory shakers at 25°C and 150 rpm for 25 days in dark environment.
Extraction and Isolation
The culture broth (20 l) of I. lacteus HFG1102 was filtered and concentrated to 3 l followed by partitioned between EtOAc and water for four times to give an EtOAc layer. Meanwhile, the mycelia were extracted by EtOH (95%) for three times. The EtOAc layer together with the mycelium extract were concentrated under reduced pressure to afford a crude extract (wt 16.0 g). This residue was separated by MPLC (MeOH/H 2 O, 0-100%) to give sixteen main fractions (A-P).
Subfraction I was separated by Sephadex LH-20 CC (MeOH) to afford three subfractions I1-I3. Subfraction I3 was further purified by prep-HPLC (MeCN/H 2 O, 30-50%, 25 min) to give two isolated but interchangeable compounds 7 (t R = 16.5 min) and 8 (t R = 17.8 min) with a totally yield 22 mg.
Subfraction J was separated by Sephadex LH-20 CC (MeOH) to remove colourants, and further separated by Sephadex LH-20 (acetone) to afford four subfractions J1-J4. Subfraction J2 was purified by prep-HPLC (MeCN/ H 2 O, 26-46%, 25 min) to give 1/2 (t R = 16.5 min) with a yield 2.0 mg. Subfraction J3 was purified by prep-HPLC (MeCN/H 2 O, 26-46%, 25 min) to give 3/4 (t R = 18.2 min) with a yield 1.8 mg.
Subfraction K was separated by Sephadex LH-20 CC (MeOH) to remove colourants, and further separated by Sephadex LH-20 (acetone) to afford five subfractions K1-K5. Subfraction K1 was purified by prep-HPLC (MeCN/ H 2 O, 25-45%, 25 min) to give 5 (t R = 17.5 min) with a yield 1.0 mg. Subfraction K3 was purified by prep-HPLC (MeCN/H 2 O, 26-46%, 25 min) to give 6 (t R = 18.9 min) with a yield 0.8 mg. 
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